study, with the most varied mix of heights and levels of factors that affect health outcomes. Possible explanations include misspecification (important explanatory variables are omitted or there are significant nonlinearities in the relationship), inadequate measurement of desired concepts, and inequalities in explanatory variables within countries that affect average heights. Without more information, it is difficult to evaluate these alternatives.
The paper has nudged me in the direction of believing that protein is even more important that I previously thought, but I remain skeptical that its consumption dominates trends and differences in human stature. On the other hand, doubters should accept that the authors have displayed enough evidence and analysis to justify considerably more study to understand why they obtained their results. How should the research community proceed? It is important to know whether the most favorable results (from two samples in China) are outliers. Studies of data within countries have some advantages, including a uniformity of concepts and measures that may not be found in international comparisons. Hopefully, it will be possible to find evidence similar to that used by the authors, but for states, provinces, or counties within other countries. The international comparisons they use were probably compiled from more disaggregate data within countries. Ideally, the units of study should be reasonably homogeneous within units but quite different across units in their consumption of protein. Moreover, they should be reasonably free from bias introduced by migration, whereby residents grow up in one circumstance and then move as older teenagers or adults to a unit with a substantially different environment to be observed or measured. I look forward to any such studies.
Richard H. Steckel Economics and Anthropology Departments
Ohio State University Columbus, Ohio, USA
The investigation of any research question is constrained by the limitations in the data that are available. This is true whether the researcher has collected the data himself or herself or has drawn upon existing large data sets. The latter is the case with the analysis described in the article by Jamison et al. [1] The authors are very cognizant of this issue and go to considerable length to explain the caveats that must be kept in mind when reading the paper and reviewing the results. Specifically, the reader is reminded that the available data "do not include a number of variables that are potentially important determinants of growth, and the variables they do include are averages rather than individual values. The data also refer to one moment in time rather than to the interval over which people grow, resulting in their final adult height (and, with much more variation, their adult weight)." These issues are fully and openly discussed.
The analysis revolves around height or stature. The authors are correct in noting that stature is an increasingly recognized indicator of the well-being of a society. Cross-country analyses show consistently that the average height of the adult population is positively and consistently related to the general well-being of the society-usually reflected in a composite index of wealth, environmental cleanliness, public health status, availability of health services, and assorted other factors. However, short stature should not be equated with the general term "malnutrition," and the authors do this several times in the article. In the initial discussion, the issue addressed is low heights and weights or "the failure to reach one's genetic potential" with regard to
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growth. In the analyses that follow, the dependent variables of choice are attained height and weight, but in fact, height is the more telling variable and weight is for the most part discarded. It should be remembered that stunting is one form or expression of malnutrition. We are in agreement that attained stature is closely related to protein intake, both quantitatively and qualitatively, along with the intakes of certain micronutrients. However, malnutrition is a dynamic phenomenon, caused by many factors over a long and complex time frame. Because of this, care must be exercised in attributing the causes for both optimal and less than optimal stature.
We also note that after an accurate and full discussion of the caveats regarding the data sets, another series of arguments is presented for dismissing or rationalizing these very same caveats. The authors have drawn upon three different data sets to conduct their analysis. Each data set is unique and dissimilar from the other two, except for the inclusion of height. In addition, the data consist of average measurements or indicator values. As the authors explain: "In all three data sets, the estimates of nutrient availability refer to the approximate time when adult heights and weights were measured; we assume that these contemporary measures provide indicators of relative availabilities during the preceding two or three decades…. We also assume that few people in the sample populations have migrated to or from the province, county, or country in which they grew up, so that the nutrient availability where they lived when surveyed is probably similar to the nutrient availability when they were growing up." These are major assumptions, and even if such assumptions are necessary in order to proceed with the analysis, the fact that they may not be correct should temper the conclusions.
In our opinion, the time sequence of comparisons is a serious limitation of the interpretation of the results of this study. Since human growth has several phases (e.g., infancy and early childhood, school age, and pubertal growth spurt), relating stature to diet from surveys conducted at one moment in time is a problem. Unless the authors can provide supportive data based on dietary intakes, consumption surveys, or even national food statistics that the nutrient intakes of these communities in 1979 (when the young adults measured were between 18 and 25 years of age) were largely identical to the intakes (individual and average) in 1969 and 1960 (or thereabouts), it is difficult to conclude that in fact protein and not energy intake is the principal determinant of growth failure in these populations. This criticism is valid for all other comparisons in this paper.
While conceding that current intakes of protein are more closely related to the stature of young adults than are energy intakes, according to the analysis carried out by Jamison et al., one has to be careful in attributing causal relationship to this finding. The current protein intakes related to better stature may be a proxy for a wide range of nutritional and non-nutritional determinants. For example, the higher protein intakes may also mean higher intakes of zinc and iron. Higher protein intakes may reflect better incomes and hence better social environments, and consequently fewer environmental insults, such as childhood infections, which may impair normal growth. However, it is also important to remember that here again the true causality may only be established with intakes of protein one to two decades earlier.
The question of relating stature to food intakes at the same time as stature is measured may indeed be a serious problem in China and thus limit the importance of these findings. Nowhere else have there been such dramatic changes in food intake, consisting of increases in the consumption of meat products, proteins, and fats, as in China over the last two to three decades. This fact cannot be neglected.
In the analysis and discussion of results, we would like to have seen attention given to those results which were not as dramatic. For example, the rural areas showed a much less dramatic relationship between protein availability and attained height than was the case in the urban areas. We would have liked some speculation as to what was responsible for this difference. Is it the source of the protein, for instance? Do urban populations receive more animal protein regularly than rural populations? The quality of the protein then becomes an important issue to look at. In addition, the same relationship was less revealing for women than for men. Again, why might this be the case?
Finally, we caution against trying to quantitatively relate a theoretical gain in height with a percentage increase in protein consumption, which was done in the penultimate paragraph of the article. We doubt that the data are sufficiently robust to allow this sort of calculation.
Robert Weisell Nutrition Officer Nutrition Planning, Assessment and Evaluation Service Food and Nutrition Division Food and Agriculture Organization (FAO) Prakash Shetty Chief Nutrition Planning, Assessment and Evaluation Service Food and Nutrition Division, FAO

Kraisid Tontisirin Director, Food and Nutrition Division, FAO
Authors' response to commentaries
We are grateful to Waterlow, Allen, Martorell, Bhargava, Steckel, and Weisell et al. for their thoughtful comments on our examination of dietary influence on adult height and weight. We were careful to spell out the many limitations of our analysis, and we are pleased to see that expressly recognized by most of the discussants. This reply concentrates on just four issues: the choice of the dependent variables; the quality of the dietary data; the interpretation of our finding that protein intake appears to have more impact than energy intake, particularly on height; and the importance of these questions for research and policy.
It was not our intention to analyze stunting as such, but rather the entire distribution of adult heights; there is no separation between "stunted" and "normal" and no attempt specifically to explain the former. We used the largest available collection of data on adult heights for international comparisons, and although it is true, as Martorell says, that there has been a second edition of Eveleth and Tanner's study, it does not add any information that could have been incorporated in our analysis while maintaining comparability. We recognize that the crucial period for linear growth ends before the ages at which adult heights were measured, but we do not regard our dependent variable simply as "a measure of child growth failure" (Martorell). As Waterlow notes, "shortness in adults has been neglected," and whatever happens between the age of five and early adulthood can only introduce some noise into such relations as exist between childhood diet (and other factors) and growth. Since noise would bias our coefficients toward zero, "it is even more impressive," as Allen notes, that we find statistically significant effects.
If adult height is not perfectly correlated with height at age five, it is partly because of catch-up growth, as Waterlow notes. Such growth might "not necessarily reverse the effects of early childhood stunting on cognitive failure," but "would probably reduce obstetric risk" [1, p. 19] . Given that "difficult labor due to a small pelvis is rare in tall women, and comparatively common in short women" and that "obstructed labor and its sequelae are the most important causes of maternal death in tropical Africa" [2, p. 79] , anything that affects women's adult heights has important health effects. For both sexes, greater height is associated with greater longevity and better adult health [3] . The apparent effect of protein share on height is weaker for women than for men in all our analyses, but in both of the Chinese samples it is still significant. We note that if men eat more of the available protein than women do, as is likely in many cultures, that alone might explain why we find larger effects on male than on female height and solve the "puzzle why protein is nonsignificant for women in the international comparisons" (Steckel) .
Our dietary independent variables are average energy availability and the share of energy derived from protein. Energy availability never had a significant effect on height in any sample, and only once did it appear to affect weight (for young urban Chinese males). We agree that these findings "are not of practical significance" (Bhargava), but the inclusion of energy required us to specify protein intake relative to energy rather than in absolute amounts, and this treatment of the variables is essential to any conclusion about the effect of protein on heights. Just as we studied the entire distribution of adult heights and weights, we looked at the entire distribution of the dietary variables, without considering whether the average absolute protein intake was adequate or not, or whether there was any "protein gap" (Allen). In any case, we do not know who actually ate what or how much; again, that makes it the more significant that we find strong associations among averages.
As noted, we expressly assumed, in the analysis of rural China, that dietary patterns had been relatively stable since the time the subjects were children. Weisell et al. regard this assumption as "a serious problem," since "nowhere else have there been such dramatic changes in food intakes" in recent decades. But if the Chinese now eat much more meat, total protein, and fat than two or three decades ago, it is even more remarkable that adult heights are so strongly related to current protein availability. This is less surprising in the case of urban China, since the adults range in age only from 18 to 25. Their current consumption is therefore probably very similar to that in adolescence, and perhaps even to that in early childhood. The results for rural China, however, include adults of all ages, so dietary changes in recent decades have occurred well after adolescence for some subjects and might be expected to have no effect on stature.
Granted that there are surprisingly strong and consistent relations between adult heights (and weights, in
